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httpLiving in a medically underserved county is an
independent risk factor for major limb amputation
Katharine L. McGinigle, MD, MPH, Corey A. Kalbaugh, MS, MA, and William A. Marston, MD,
Chapel Hill, NC
Objective: Despite an increase in the incidence of hospital admissions for comorbid conditions, such as diabetes, the
incidence of major limb amputation in North Carolina has decreased. The decline in amputation rate has not been
uniformly realized across the state. The objective of this study was to determine the association between major vascular
limb amputation and living in an underserved county in North Carolina.
Methods:We analyzed discharges aged 18 to 100 years old with a peripheral arterial disease (PAD)-related admission from
the North Carolina Inpatient Discharge Database from 2006 to 2009. Medically underserved counties are deﬁned by the
United States Health Resources and Services Administration as having too few primary care providers, high infant
mortality, high poverty, or high elderly population. The association between major amputation prevalence and medically
underserved counties was calculated using a binomial regression model adjusted for sex, age, diabetes, end-stage renal
disease, PAD, and critical limb ischemia. Each confounder was assessed using backward elimination modeling.
Results: Among the 222,920 discharges with a PAD-related hospital admission from 2006 to 2009, 8601 (3.9%) were
from medically underserved counties. There were 7328 major amputations. The adjusted prevalence odds ratio of the
association between underserved counties and major vascular limb amputation is 1.29 (95% conﬁdence interval, 1.16-
1.44). None of the confounders signiﬁcantly affected the association between underserved counties and number of
amputations.
Conclusions: Living in an underserved county in North Carolina is associated with a 29% increase in the odds of
undergoing major limb amputation. Gender, age, and comorbidities, including diabetes, end-stage renal disease, and
PAD, do not signiﬁcantly affect the relationship. (J Vasc Surg 2014;59:737-41.)Approximately 10 million Americans (4% of adults)
have peripheral arterial disease (PAD).1-3 The TransAt-
lantic Inter-Society consensus statement on PAD identiﬁes
smoking and diabetes as the two largest risk factors
contributing to PAD.4 Critical limb ischemia (CLI), which
occurs in w3% of PAD patients, is a chronic process that
results from poor limb perfusion that threatens limb
viability. CLI is measured as a toe pressure of <40 mm
Hg with lower extremity rest pain, ulceration, or
gangrene.4,5 Treatment protocols for CLI patients include
comprehensive wound care and revascularization to avoid
limb amputation. Yet, within 1 year of diagnosis, 30%
require major amputation and 25% die.4 Factors associated
with primary amputation include nonwhite ethnicity, dia-
betes, end-stage renal disease (ESRD), major tissue loss,
and nonambulatory status.6
From 2006 through 2009, there were 186,997 hos-
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to become more prevalent as the population ages and
more patients live with comorbid conditions, and there is
concern that a higher incidence of CLI will result in an
increase in major limb amputations.7 However, a previous
population-based study showed that from 1998 to 2003,
the national per-capita rate of amputations progressively
decreased: 13.2% overall reduction and 21.2% reduction
for major amputations (P < .0001).8 To date, there have
been no studies demonstrating the cause of the decline in
amputation rate.
The purpose of this study was to determine the inci-
dence of major limb amputations in North Carolina from
2006 through 2009 and to identify demographic factors,
including the level of medical access, that may contribute
to the changing incidence. We also examined if these
demographic factors were independently related to ampu-
tation rate when accounting for comorbidities including
diabetes, ESRD, PAD, and lower extremity ulcers.
METHODS
A primary source of information for this study was the
North Carolina Inpatient Discharge Database, a statewide
database that records unique discharge data, including
each patient’s age, sex, race, insurance provider, county of
residence, and up to 24 diagnoses and 24 procedures or
operations. This is a database of 100% of discharges from
all acute inpatient hospitals in North Carolina. Geographic
and demographic information of each discharge from the
North Carolina Inpatient Discharge Database is based on737
Table I. International classiﬁcation of diseases, 9th
revision codes
Code Description
84.1 Amputation of the lower limb
84.15 Below-knee amputation
84.17 Above-knee amputation
249.xx, 250.xx Diabetes mellitus
585.6 ESRD
443.89, 443.9 PVD
440.20, 440.21,
440.22, 440.29
Atherosclerosis of the extremity
440.4 Arterial occlusion of extremity
440.23, 440.24 Atherosclerosis with tissue loss/gangrene
440.3 Atherosclerosis/occlusion of bypass graft
in extremity
707.10-19 Lower extremity ulcer (except pressure
ulcer)
890.xx, 891.xx,
892.xx, 893.xx,
894.xx
Open wound of lower extremity
785.4 Gangrene
ESRD, End-stage renal disease; PVD, peripheral vascular disease.
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Fig 1. Downward trend in number of amputations in North
Carolina from 2000 to 2009.
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tion of the hospital. The unit of analysis used was each
discharge. We calculated the rate of hospital discharges
with diabetes, ESRD, PAD, lower extremity ulcer, or major
amputation from 2006 to 2009.
We deﬁned major amputation by International Classiﬁ-
cation of Diseases (ICD-9) procedure codes, including
amputations above the ankle and excluding amputations
with codes related to trauma or cancer. Toe and transme-
tatarsal amputations were not included. Comorbid condi-
tions of interest were also deﬁned using ICD-9 codes
(Table I). Diabetic patients and patients with ESRD were
included because a signiﬁcant number of them have PAD
and many others have neuropathic diabetic ulcers that
put them at risk for amputation. The ICD-9 code for lower
extremity ulcer includes ischemic ulcers and neuropathic
ulcers but excludes pressure ulcers and venous ulcers.
The North Carolina Health Professions Data System is
a database that maintains the licensure information and
professional characteristics of many different health care
workers. We used this database to deﬁne the distribution
of cardiovascular specialists, which were deﬁned as vascular
surgeons, general surgeons performing vascular operations,
interventional radiologists, and cardiologists, and to deter-
mine physician density per county. These specialty designa-
tions are self-reported, and do not necessarily reﬂect
practice patterns or a focus on the treatment of PAD.
The geographic and demographic information from each
health professional is based on the county in which they
provide care. We used the U.S. Census Bureau Core Based
Statistical Areas to determine the demographic characteris-
tics of each county. Like the U.S. Census Bureau, we used
the deﬁnition of totally underserved counties as set by the
U.S. Health Resources and Services Administration, which
is based on a weighted score calculated for counties with
any one of the following: too few primary care providers,
high infant mortality, high poverty, or high elderly popula-
tion. The weighted score is used to classify counties as best
served, partially underserved, or totally underserved. The
distribution of cardiovascular specialists is not incorporated
into the weighting system; however, we used this widely
accepted federal classiﬁcation to deﬁne level of access as
an independent risk factor because this is the same deﬁni-
tion that potential state and federal initiatives would use
to improve health care.
To determine the association of being from a totally
underserved community and the prevalence odds ratio
(OR) of major limb amputation, we analyzed data from
222,920 discharges from the North Carolina Discharge
database aged 18 to 100 years for PAD-related admissions
(as determined by ICD-9 codes in the primary, secondary,
or tertiary position). The association between underserved
and major limb amputation was calculated using binomial
regression to estimate crude and adjusted prevalence
ORs. Backward elimination modeling was used to assess
confounders of gender, diabetes, CLI (with or without
tissue loss), PAD, ESRD, and a ﬁve-category age variable
(<50, 50-59, 60-69, 70-79, >80 years).RESULTS
From 2006 through 2009, 7328 major amputations
occurred in North Carolina. During the study period, the
annual number of major amputations decreased 19%,
from 2054 to 1668. This decrease was conﬁrmed by
a continuously negative trend in the number of yearly
amputations during the last decade (Fig 1). Patients under-
going amputation were a median age of 67 years, and most
were men or had a diagnosis of diabetes or CLI (Table II).
The number of patients hospitalized in North Carolina
with relevant comorbid conditions increased during the
same time period: diabetes (838 to 906/1000 discharges),
ESRD (67 to 69/1000 discharges), and peripheral vascular
disease (93 to 104/1000 discharges).
As expected, age, PAD, and ESRD were associated
with the incidence of amputation (Table III). Patients
with CLI had the highest OR for amputation (11.90;
95% conﬁdence interval [CI], 11.20-12.74), followed by
ESRD (OR, 3.27; 95% CI, 3.01-3.54) and PAD (OR,
Table II. Population characteristics of major
amputations in North Carolina, 2006 to 2009
Characteristic
Major amputation
(n ¼ 7328)
Median age (interquartile range), years 67 (57-78)
Male, % 59
Diabetes, % 60
ESRD, % 18
PAD, % 17
CLI, % 65
Underserved county residence, % 5
CLI, Critical limb ischemia; ESRD, end-stage renal disease; PAD, peripheral
arterial disease.
Table III. Association of comorbidities to major
amputation among those with health care access
Comorbidity OR (95% CI)
Male gender 1.62 (1.52-1.71)
PAD 2.07 (1.90-2.25)
ESRD 3.27 (3.01-3.54)
CLI 11.90 (11.20-12.74)
CI, Conﬁdence interval; CLI, critical limb ischemia; ESRD, end-stage renal
disease; OR, odds ratio; PAD, peripheral arterial disease.
Table IV. Joint distribution of major exposure and
outcome
Variable
Major
amputation þ, No.
Major
amputation , No. OR
Underserved þ 357 8244
Underserved e 6971 20,7348
1.3
OR, Odds ratio.
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slightly more likely to undergo amputation (OR, 1.67; 95%
CI, 1.52-1.71).
An unexpected ﬁnding was the relationship between
living in a totally underserved county and major limb
amputation. The prevalence OR of this association was
1.29 (95% CI, 1.16-1.44) and was independent of the
effect of the other studied risk factors (Table IV). These
results suggest that being from an underserved community
is associated with a 30% increase in the odds of undergoing
limb amputation among those aged 18 to 100 years
admitted to the hospital with a PAD-related ICD-9 code
in the primary, secondary, or tertiary position.
There are 11 totally underserved counties, 27 partially
underserved counties, and 62 counties with adequate
medical access in North Carolina (Fig 2). Of the state’s pop-
ulation, w37% reside in an underserved county, and 2.8%
live in a totally underserved county. Among the 222,920
hospital discharges with a PAD-related condition from
2006 to 2009, 8601 discharges (3.8%) were from totally
underserved counties. Totally underserved counties had
a disproportionately high number of hospital discharges.
The North Carolina Health Professions Data System
reported these counties also had signiﬁcantly fewer prac-
ticing registered nurses, primary care physicians, and
cardiovascular specialists. No vascular surgeons were prac-
ticing in the totally underserved counties (Table V).
Combining the partially and totally underserved counties
into one category did little to improve the overall differ-
ence in access to health care providers because the
combined category continued to demonstrate signiﬁcantdeﬁcits in the number of registered nurses, primary care
physicians, or vascular surgeons compared with counties
with adequate medical access. However, there was no
statistical difference in the number of cardiovascular
specialists in counties with access (0.92/10,000 persons)
vs combined partially and totally underserved counties
(0.90/10,000 persons; P ¼ .77). This is likely due to the
more uniform distribution of cardiologists, which was the
largest group included in the cardiovascular specialist
category.DISCUSSION
More than a decade ago, the Institute of Medicine
(IOM) drew attention to health disparities in the United
States when it published Crossing the Quality Chasm.9 In
this report, the IOM stated that our health care system is
ill prepared to deliver adequate care to our population as
it grows and ages. In 2001, heart disease, diabetes, and
asthma were the leading causes of disability and death.
The IOM described voids in coverage in different popula-
tion types, including patients living in rural America.
These ﬁndings have been further illustrated by other
studies.10-12 During the last decade, Medicare beneﬁciaries
who have been admitted to critical access hospitals in rural
areas of the United States have had more complications
and higher mortality rates.10,11 Speciﬁcally in North Caro-
lina, patients in rural counties had signiﬁcantly lower access
to health care providers and higher age-adjusted mortality
rates secondary to diabetes, heart disease, and overall.12
Consistent with other studies, we found increasing
numbers of hospitalizations for chronic conditions such
as diabetes and also that age and cardiovascular risk factors,
including PAD and ESRD, are risk factors for major ampu-
tation. Interestingly, our results show that the number of
major limb amputations in North Carolina signiﬁcantly
declined during the last decade despite increases in hospi-
talizations for comorbid conditions. With increasing
numbers of hospitalizations for chronic conditions, it is
clear that continued efforts in patient education, disease
prevention, and outpatient disease management are impor-
tant factors in health care delivery overall.13,14 Speciﬁcally,
outreach to primary care providers to increase awareness of
PAD evaluation and management is vital, because physician
awareness of PAD has previously been shown to be rela-
tively low and that PAD is undertreated compared with
coronary artery disease.15
Fig 2. Map showing the counties in North Carolina with persistent health professionals shortage, 2005-2009.
Table V. Comparison of the characteristics of North Carolina counties with and without health care access in 2009
Characteristic
Counties with access Totally underserved counties
P value(n ¼ 62) (n ¼ 11)
Population size, No. % 5,892,243 (62.8) 265,740 (2.8) .
Mean annual income, $ 41,687 40,091 .15
Per 10,000 persons
Registered nurses 105.08 43.45 <.0001
Primary care physicians 9.76 3.61 <.0001
Cardiovascular specialists 0.92 0.17 <.0001
Vascular surgeons 0.087 0 .0014
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demonstrated that living in a totally underserved county in
North Carolina was independently associated with a 30%
increase in the odds of undergoing major limb amputation.
In North Carolina, these counties have signiﬁcantly fewer
primary care providers, and patients must travel to other
counties to access a vascular surgeon. Reduced access to
primary care clinicians may mean that patients living in
those counties have more difﬁculty managing their chronic
health conditions or undergoing timely interventions. Of
interest, we did not ﬁnd a statistically signiﬁcant difference
in the number of cardiovascular specialists per capita in
counties across the state. The data set available to us
does not allow us to determine which cardiologists or
general surgeons practicing vascular surgery are actively
involved in the treatment of peripheral vascular disease,
limiting our ability to determine the association between
physicians treating PAD and amputation. However, it is
important to note that the presence of a cardiovascular
specialist does not protect against limb amputation. Reach-
ing out to cardiologists, speciﬁcally, may also be an essen-
tial step to increasing timely PAD diagnosis and
management because they are the most widely and evenly
distributed cardiovascular-specialized physician group in
the state.Although it is unclear whether improved access to
vascular surgeons directly relates to a lower incidence of
amputation, patients with CLI who have access to vascular
surgeons may be more likely to receive aggressive medical
optimization, wound care, and intervention (whether
open or endovascular), therefore reducing their risk of
amputation. Further study is required to substantiate this
theory. Determining whether access to vascular surgeons
helps slow the progression of asymptomatic PAD to CLI
requiring amputation would also be useful. If so, speciﬁc
screening criteria or treatment modalities could be created
to assist with timely referrals from underserved areas.
This study is limited in that it is based on a large,
population-based database that limits the ability to control
for confounders when compared with prospective studies.
Owing to the data available in the data set, we could not
reliably evaluate other factors such as race, smoking status,
or type of insurance coverage. The adequacy of medical
control of diseases such as diabetes also could not be
assessed; however, with increasing numbers of discharges
for chronic conditions, it is unlikely that medical control
improved during the study period. In addition, our statis-
tical model controlled for diabetes and other comorbidities
and still found that there was an association between
county of residence and amputation rate.
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rather than unique patient identiﬁers, multiple hospitaliza-
tions for the same comorbidity in the same patient could
not be identiﬁed. If we were able to use individual patients
as the unit of measure, we would be able to account for
these repeat hospitalizations, and the denominator in our
rate calculations would likely be decreased. Therefore, we
may be under-reporting the rates of major limb amputation
and the level of disparity across the state.
We did not include digit or forefoot amputations in the
analysis because these are limb-preserving operations, and
the focus of this study was on factors affecting limb loss.
However, with the recent emphasis on limb preservation,
increasing numbers of patients may be undergoing these
procedures. It would be interesting to determine whether
the decrease in major limb amputations correlates with an
increase in forefoot amputations or whether there is also
disparity in limb salvage procedures.
CONCLUSIONS
Living in an underserved county in North Carolina is
associated with a 29% increase in the odds of undergoing
major limb amputation. Gender, age, diabetes, ESRD,
and PAD do not signiﬁcantly affect the relationship.
Underserved counties in North Carolina have signiﬁcantly
fewer practicing primary care physicians and vascular
surgeons. Establishing a direct relationship between
reduced access to medical care and the amputation rate
will require further speciﬁc research with information not
typically collected by hospital discharge databases.
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